Background and aims-Transient lower oesophageal sphincter relaxations (TLOSRs) has been found to be the main mechanism of gastro-oesophageal reflux. In dogs, cholecystokinin (CCK) is involved in their occurrence. The aim was to evaluate the role of endogenous and exogenous CCK in the occurrence of TLOSRs induced by gastric distension at constant pressure in humans. Methods-Ten healthy volunteers were studied. Lower oesophageal sphincter pressure was monitored with a sleeve device and gastric distension was performed via an intragastric bag monitored by a barostat. During distensions, saline, CCK (30 ng/kg/h) or the CCK-A receptor antagonist loxiglumide (10 mg/kg/h) was perfused in a random double blind order. Results-There was no significant difference between the number of TLOSRs during the different distensions with saline; CCK increased the number of TLOSRs at a mean rate of 13-1 compared with 9-1 with saline (p<0001). Loxiglumide significantly decreased the number of relaxations to 5 3 versus 8-3 under paired saline infusion (p<0.001).
Transient lower oesophageal sphincter relaxation (TLOSR), unrelated to swallowing, has been found to be the main mechanism of gastro-oesophageal reflux both in healthy subjects and in patients with gastro-oesophageal reflux disease. [1] [2] [3] [4] [5] [6] Research is now directed toward identifying the mechanisms involved in the occurrence of TLOSR7 and developing drugs to decrease its rate in patients with gastro-oesophageal reflux disease.
The frequency of TLOSR is greatly increased in humans8 9 and dogs' 0 " by distension of the stomach, which probably triggers gastric mechanoreceptors mainly located in the subcardiac region." In dogs, cholecystokinin (CCK) is involved in the occurrence of TLOSR induced by gastric distension through peripheral CCK-A receptors.12
In normal subjects, CCK-8 infusion and meals have been reported to reduce the lower oesophageal sphincter (LOS) pressure and both these effects were blocked by loxiglumide, a CCK-A receptor antagonist. '3 The aim of the present study was to evaluate the role of CCK-8 and loxiglumide in the occurrence of TLOSR induced by gastric distension in humans.
Methods

SUBJECTS
We studied 10 healthy volunteers (five women and five men; age range 25-39 years). Subjects were free of any gastrointestinal symptoms and had no history of upper gastrointestinal surgery. They did not take any medication known to alter oesophageal motor function. Each volunteer gave written consent, and the study was Gastric distension was performed with air via an intragastric bag, using an electronic barostat (Institut National de la Recherche Agronomique, Toulouse, France) to maintain constant intragastric pressure by an electronic feedback mechanism. The principle of the barostat is as follows: when the stomach contracts, the barostat aspirates air from the bag to maintain constant pressure and the bag volume decreases; when the stomach is relaxed, air is injected and the bag volume increases.'5 The highly compliant polyethylene bag had a maximal volume capacity of 1400 ml and was connected to the barostat via a 12F diameter single lumen polyvinyl tube. The electronic barostat was connected to the computer via the same polygraph (Polygraph HR Synectics Medical, Stockholm, Sweden).
STUDY DESIGN
Each subject fasted for at least eight hours before the study. Subjects initially underwent static oesophageal manometry to assess primary peristalsis and to determine the location of the upper oesophageal sphincter and LOS. Then the folded bag was wound round the tube and introduced slowly into the stomach through a nostril. The bag was unfolded by manually injecting 300 ml air and pulled into the fundus, completely deflated, and connected to the barostat. The manometric probe was introduced into the oesophagus through the other nostril, the sleeve sensor being positioned in the LOS zone. A 30 minute resting recording session was then run and served as a basal control period. Thereafter the intragastric bag was inflated by stepwise 2 mm Hg increments every five minutes until a constant pain threshold was reached. Distension steps were separated from each other by a five minute relaxation, the bag being entirely deflated. For further experiments and for each subject on each day, the constant intragastric pressure of distension was defined as 75% of the gastric pain threshold pressure. The recording was made while the subjects were seated.
The study was performed in two experiments on three separate days for each subject, involving two gastric distensions on each day (Fig 1) . The two distensions at the constant pressure defined on each day were performed during 30 minutes separated by a 90 minute washout period. The gastric bag was deflated during this washout period.
In the first experiment, the effect of CCK was studied. On the same day, saline (as a control) or CCK-8s (Kinevac: sincalide; ER Squibb and Sons Ltd, Montreal, Canada)'6 at a dose of 30 ng/kg/h were perfused in random double blind order with a syringe pump (Robomedic 100, Gazui Electronic, France) during each distension. Saline or CCK-8s infusions started 10 minutes before gastric distension and continued until the end of distension.
In the second experiment, the effect of the CCK-A receptor antagonist loxiglumide (Rotta Research Laboratorium SpA., Monza, Italy), was studied. Due to the half life of loxiglumide (>six hours),'7 it was not possible to randomise its administration against placebo on a single day. Therefore the experiment was run on two separate days, saline being perfused during the first distension as a control and loxiglumide or saline in a random double blind order (loxiglumide and saline were delivered in similar blinded ampoules) during the second distension. Infusions of loxiglumide were started 20 minutes before gastric distension with a bolus of 30 mg/kg/h during 10 minutes and continued at a dose of 10 mg/kg/h until the end of distension.
DATA ANALYSIS
The reader was blinded as to whether CCK, saline, or loxiglumide had been infused Manometric traces were analysed for basal LOS pressure, and for the occurrence of TLOSRs. Mean end expiratory LOS pressure was estimated with reference to gastric pressure at end expiration defined as zero.
Based on the analysis and according to
Holloway et al,8 TLOSR was defined as: (1) the absence of swallowing four seconds before and two seconds after the onset of TLOSR, (2) (Fig 2) .
Transient lower oesophageal sphincter relaxations Without distension, at the basal state, TLOSRs occurred at a rate of [1] [2] [3] [4] (1-0)/30 min.
Gastric distension with the barostat increased the number of TLOSRs. This increase was reproducible as the number of TLOSRs under saline infusion was similar during all series of distensions with saline (Fig 2) . During the first experiment, gastric distension induced the occurrence of TLOSRs at a mean rate of 9 1 (4 0)/30 min under saline infusion and 13 1 (5-5) min with CCK-8 infusion (p<0001; Fig 3) .
During the second experiment, loxiglumide infusion significantly decreased the number of TLOSRs to a mean rate of 5-3 (2 5) compared with 8-3 (1-7) under paired saline infusion (p<0001; Fig 4) .
No significant difference was found between the mean duration of TLOSR during saline, CCK-8, or loxiglumide infusion (26-9 (12 5) s, 23-6 (10-5) s, and 26-5 (6 7) s respectively). On the contrary, the average maximal volumes decreased during loxiglumide infusion (631 (185) ml) compared with paired saline infusion (813 (134) ml) (p=0-001; Table II ).
LOS pressure
There was a slight but significant correlation (r=0 4, p<005) between the gastric volume and the number of TLOSRs, whatever the infusion (Fig 5) .
Discussion
The results of the present study suggest that in humans gastric distension elicits TLOSRs and that endogenous CCK is involved via a CCK-A receptor dependent mechanism, confirming our previous findings in dogs .12 In the first part of the study, our Healthy subjects 1  500  730  668  430  2  693  805  1050  800  3  880  960  850  450  4  1005  1040  918  740  5  830  969  961  969  6  712  869  805  600  7  630  752  628  460  8  980  1100  810  795  9  1009  1212  740  480  10  390  380  703 dioxide induced TLOSRs9 similar to relaxations associated with acid gastro-oesophageal reflux. In our dog model,'2 we used an electronic barostat to maintain constant intragastric pressure during distension. With constant insufflation, an eventual action of a drug on gastric or pyloric motility may lead to changes in intragastric pressure that will indirectly modify the occurrence of TLOSRs. Moreover, in dogs gas insufflation induced a distension of the gut, discomfort, and some vomiting. Consequently, and to avoid these problems in humans we preferred to use gastric distension with a bag. Other workers have used a fatty meal as a more physiological stimulant of TLOSRs'9 20; however, this usually led to a low rate of TLOSRs, insufficient to display a possible pharmacological reduction of their occurrence rate by loxiglumide.1' Moreover, the rate of TLOSRs elicited by gastric distension was not maximal as CCK was still able to increase their number further.
To obtain a similar number of TLOSRs at either control distension, we performed at the beginning of each experiment and for each subject a stepwise increase in gastric distensions with 2 mm Hg increments until we obtained a constant painful sensation. Then, for each subject and for all the distensions we chose a constant pressure corresponding to 75% of the pain threshold pressure. With this level of distension, we found a mean TLOSR number of eight to nine in humans, which is comparable with the mean of seven found in dogs. No significant difference was recorded from day to day concerning the pressure distensions in the same subject as defined above. Neither did we obtain any significant difference in the number of TLOSRs occurring the same day between the first and the second distension with saline so no order effect interfered with our results. Moreover, this number of TLOSRs did not change between different distensions with saline from day to day. This shows the reproductibility of this model in the triggering of TLOSRs.
By contrast with a recent study2' which found that CCK-33 infusion did not affect the occurrence of TLOSR in humans, we chose CCK-8, which can be considered as a neuronal form of CCK synthesised in nerve cell bodies and released at nerve endings. receptors cannot be distinguished from our results.
In this study, fundic distension induced a small but significant increase in resting LOS pressure as already found in dogs and in humans with such distension volumes. 8 
